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ILLUMINATION SYSTEM COMPRISING MICROPRISMS WITH BLOCKING MEANS 



Background pf the Inventipn 

Currently available illumination systems for direct lighting and other 

5 applications suffer from losses due to absorption and radiation of light in undesired 
directions. If the light rays lost through absorption or radiation in undesired 
directions could be captured and utilized, the usable output of the light source 
could be increased. An illumination system that could accomplish this would be 
highly desirable. This invention achieves this and other goals by redirecting and 

10 recycling light that otherwise would be lost. 



Brief Description of Drawings 

The invention will be more fully understood and further advantages will 
become apparent when reference is made to the following detailed description of 
15 the invention and the accompanying drawings in which: 

Figure 1 is a conceptual schematic block diagram of illumination system; 
Figure 2 is a schematic cross-sectional diagram of one embodiment of the 
illumination system; 

Figures 3-5 are schematic cross-sectional diagrams of alternative reflectors 
20 for a light source; 

Figure 6 is a cross-sectional diagram of a microprism of the light-directing 
assembly of Figure 2; 

Figures 7-12 are perspective views of alternative microprism structures; 
Figure 13 is a perspective view of an array of rectilinear microprisms; 

1 
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Figure 14 is a schematic cross-sectional diagram of an embodiment of the 
back-coupled illumination system without lenses; 

Figure 15 is a schematic cross-sectional diagram of an array of microprisms 
and lenses offset with respect to the geometric centers of the microprisms; 
5 Figures 16-23 are schematic cross-sectional diagrams of light-directing 

assemblies with various alternative reflective elements; 

Figure 24 is a top view of a mask used in the iUumination system of 

Figure 18; 

Figures 25-28 are perspective views of alternative iUumination systems; 
10 Figures 29-32 are schematic cross-sectional diagrams of additional 

alternative illumination systems; 

Figure 33 is a schematic cross-sectional diagram of an illumination system; 

and 

Figures 34 and 35 are examples of a commercial troffer and a downlight 
15 incorporating the illumination systems described here. 

pocrriptinn nf th? Invention 

The present invention is directed to an illumination system comprising 
(a) a light source and (b) a Ught-direeting assembly in close proximity to the light 
20 source and comprising (i) at least one microprism, wherein the microprism 
comprises an input surface that admits light radiating from the light source, an 
output surface distal from and parallel to the input surface, and at least one 
sidewall disposed between and contiguous with the input and output surfaces and 
forming an obtuse tilt angle with respect to the input surface and further positioned 
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for effecting total reflection of the light rays received by the input surface, and (ii) 
at least one blocking means for blocking the passage of light through the sidewall. 

A conceptual representation of the invention is an illumination system 10 in 
the schematic block diagram of Figure 1. The illumination system 10 is divided 
5 into two sub-assemblies: an illumination assembly 12 and a light-directing assembly 
14. The arrow 20 indicates the intended direction of travel of the light waves from 
the illumination source 12, through the light-directing assembly 14, and to the 
intended object (not shown). It should be appreciated that this drawing is merely a 
schematic representation of the structure and is not intended to convey actual or 
10 relative dimensions of the system's components or their physical arrangement. 

A specific embodiment 100 of the illumination system is shown in Figure 2. 
The system 100 has an illumination assembly 1 10 and a light-directing 
assembly 120 of at least one microprism 122 optionally carried on one side of a 
base wall 124. The light-directing assembly 120 may optionally have a lens or lens 
15 array 140 of individual lenses 142 on the other side of the base wall 124tocontrol 
the angular distribution of the light output of the illumination system 100. 
The Illumination Assembly 

The mumination assembly 1 10 has a light source 112, for which one may 
select an incandescent lamp, a light emitting diode (LED), a metal or halogen high 
20 intensity discharge (HID) lamp, a fluorescent lamp, or some other source suitable 
to the application. 

In a preferred embodiment, the Ulumination assembly 1 10 has a reflector 
150 positioned behind and/or around the light source 1 12, that is. in the direction 
away from the Bght-directing assembly 120. The reflector 150 redirects light rays 
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prop^ng away »om the bgtd-dimcung assembly 120 back .owruds the 
^122. The refl ««orl50 m .yb« fi bnc««i»o m a d ». S eo,ahighly 

specuhu mamna. such as polished aluminum or white paint, ahhoogh in some 

applicauonsaspecul* materialnuy be p^ 

5 r rf,eo,o, should tave a rrf.ec.ivhy in a range of abou. **** and prefer* 

greerer than 90%. The rrflecuvhy n«y be meaaued w«h several commercially 

a vaiUb.e insmunenu such as .he Macbed, 07.00 Speo^opho.ome.er. New 

Windsor. NY., or a Perkin Elmer #330 Spe«opho.om««er. Danbury, CT 

The location of the reflector with respea to .he light source and the 

,0 lighting assembly, and the diaanc* should be se.ec.ed « 

^^Ughtdirecud.otheHgm.di^ng— Aswmre^oc«.,.o 

m skiUed in ft. m. .he locrfions and disunces «n be deurmined from the 
rrfnnv. sixes of ft. UgW source and «« mnector. end *. design of the refleoor. 

15 ^sourc.^.be.enorforiswcallyon^o-twodmesd.di^of.hehgh. 
source The disumco brfween .he Ugh. sourco end me .ight-direcung assembly is 
.■so .ypicrfly om,b>.«o .irnes ft. diamce, of .he Ugh. source. For exampm, if 
A. . T-5 fluorescent lamp is empU^d as me Ugh. source, rift a diameter of 5/8'. 

tomtom****-**'"**'*''***''""*"**' 
20 .amp mi me „gh.-dir«m,g assembly, «vpicrfry wi.1 mnge from 0.625- U> 1 .375". 

though A. reflerfor 1 50 of Figure 2 has a paraboUc shape, mber stapes 

and conflgumdon, m, be utilized, as wil. re»i»y oceur <o one skifled in *. «t 
Fo,^.«.asiUu^mr,gu re 3.m.rrf.ec.or230i S r^nn«rinshap.»nd 

tas^ardewrf^andatasem To accommod,« me geomeoy and 
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dispersion pattern of the light source 1 12, the angle of the sidewalls 232 with 
respect to the base 234 may be adjusted to define a right, acute, or obtuse angle. 
Other reflector shapes may also be employed, such as a cusp-shaped reflector 240 
or a faceted or segmented reflector 250 as shown in Figures 4 and 5, respectively. 
5 Additionally, instead of a continuous piece of material, the reflector 150 could be 
implemented in two or more sections. 

Instead of an artificial light source of the kind noted above, natural (e.g., 
direct sunlight) or ambient light could be utilized. In that case, the illumination 
assembly 110 would not have a reflector. 
10 The Light-Dir ecting Assembly 

The microprisms 122 shown in Figure 2 are polyhedra having four angled 
sides. The structure of these particular microprisms are discussed in detail in U.S. 
Patent No. 5,396,350, issued March 7, 1995, to Beeson et al., for a Backlighting 
Apparatus Employing an Array of Microprisms, incorporated herein by reference. 
15 As shown in Figures 6 and 7, each microprism 122 has an input surface 132, 

output surface 134, and opposing sidewalls 136 each contiguous with the input and 
output surfaces 132 and 134; the junction of the sidewalls 136 and the input 
surface 132 define an obtuse tilt angle a. Figure 13 shows an array 200 of 
rectilinear microprisms 210 supported on a base wall 220. 
20 Instead of the geometric shape of the microprism 122 of Figure 6, other 

shapes may be employed. Figures 8-12 illustrate alternative microprisms: conical 
(Figure 8), polyhedronal (Figure 9), polyhedronal curvilinear (Figures 10 and 1 1), 
and curvilinear (Figure 12) microprisms. The foregoing list is illustrative only; 
other geometrical shapes could be used, as will readily occur to one skilled in the 

5 
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art. Further, the cross-sections of the microprisms 122 could be asymmetrical 
(e.g., rectangular). 

The dimensions of the microprisms 122 affect the light output distribution 
of the light-directing assembly 120. Specifically, the area of the input surface 132, 
5 the height of the sidewall surfaces 136, and the tilt angle a of the sidewalls 136 
may be adjusted with respect to each other to alter the passage of light through the 
microprisms 122. A narrower output angular distribution can be achieved by 
reducing the surface area of the input surface 132, while increasing the height of 
the sidewalls 136 and minimizing the obtuse tilt angles a. Alternatively, the output 
10 angular distribution can be increased by increasing the surface area of the input 
surface 132, along with reducing the height of the sidewall 136 and increasing the 

size of the obtuse tilt angles a. 

Where a base wall 124 is employed, additional control of the angular 
dispersion of the output of the illumination system 100 can be achieved by varying 
15 thethicknessofthewalll24. For a given positive radius of curvature of the 

,e„ S 142, an increase in the thickness of the base wall 124, increasing the separation 
between the microprisms 122 and the tens array 140, will result in an increase in 
the angular distribution of the output of the mumination system 100. 

Although the lenses 142 depicted in Figure 2 are convex, they also could be 
20 spherically concave, aspheric, cylindrically concave, cylindrically convex, or of 
some other suitable shape as dictated by the particu«ar application and as will 
re adily occur to one skilled in the art. Also, the tenses 142 could be located 
directly on the output surfaces 134 in the event there is no base wall 124. Further, 



6 
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the lenses could be either diffractive or refractive, or a combination of both 
diffractive and refractive elements. 

It should be understood that the illumination assembly 1 10 and the 
light-directing assembly 120 of the back-coupled illumination system 100 could be 
5 utilized without lenses, as shown by the structure in Figure 14. Further, the axes of 
the lenses 142 in Figure 2 are aligned with the geometric centers 126 of the 
individual microprisms 122. If desired, the lenses 142 could be offset or eclipsed 
with respect to the geometric centers 126 of the microprisms 122, as shown in 
Figure 15. Finally, the cross-sectional size of the lenses 142 could vary with 
10 respect to the cross-section of the microprisms 122. 

The distance between the geometric centers 126 of the individual 
microprisms 122 and the geometric centers of the lenses 142 varies from zero to 
one-half of the width of the output surfaces 134 of the microprisms 122. The 
lenses 142 may be positioned adjacent to the output surfaces 134 of the 
15 microprisms 122 or at a distance of up to one-half the distance between the input 
and output surfaces 132 and 134 of the microprims 122. 

The microprisms 122 and associated structure (including the optional lens 
array) may be fabricated according to the methods and using the materials 
disclosed in U.S. Patent No. 5,396,350 previously-mentioned, U.S. Patent 
20 No. 5,248,468, issued June 27, 1995, to Zimmerman et al., for an Illumination 
System Employing an Array of Microprisms, and U.S. Patent No. 5,481,385, 
issued January 2, 1996, to Zimmerman et al., for a Direct View Display with Array 
of Tapered Waveguide, all of which are incorporated herein by reference. As 
disclosed in the referenced patents, the microprisms and lens arrays may be made 

7 
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from a wide variety of materials, including polycarbonate, acrylic, polystyrene, 
glass, transparent ceramics, and a monomer mixture as described in U.S. Patent 
No. 5,462,700, October 31, 1995, to Beeson et al., for aProcess for Making an 
Array of Tapered Photopolymerized Waveguides, incorporated herein by 
5 reference. The heat generated by the light source should be considered when 
choosing a material of construction for these structures. If desired, the lens 
assembly could be provided as a separate sheet laminated to the base wall of the 
light-directing assembly or fabricated with the ught-directing assembly as a unitary 
structure using injection molding or other techniques that will readily occur to 

10 those skilled in the art. 

Th r T^ pinns Adiac" * the Sidewalk 

The sidewalls 136 of the microprisms 122 of the light-directing assembly 
120 define regions 128 adjacent the sidewalls 136; in a light-directing assembly 120 
with multiple microprisms 122, these regions may be referred to as "interstitial" 
15 regions. These regions 128 are provided with a reflective element which, in the 
configuration of Figure 2, is a highly-reflective solid filler 160. The solid filler 160 
may reflect or merely block the passage of light. The solid filler 160 may be either 
specular or difii.se and may include materials such as BaSO,, TiO, or MgO, which 
are highly reflective to visible light due to their microstructure. These materials 
20 may be utilized in carriers such as dry powder, paint, or putty. Alternatively. 

materials stable to the environmental conditions posed by the lighting fixture, such 
as Spectral (Labsphere, Inc.), or Teflon® (du Pont) may be fitted into this 
region to provide high reflection forvisible light. Although the solid filler 160 is 
preferably highly reflective, i.e., greater than ninety percent (90%) reflectivity. 
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there may be applications where a less-highly reflective material or an absorptive 
material would be desirable. The reflectivity can be measured as previously 
indicated. 

Other reflective materials may be used as the reflective element. In Figure 
5 16, the sidewalls 136 of the microprisms 122 have a coating 260 of reflective 
material. The coating 260 may be silver, aluminum, gold, white enamel, or other 
materials that will readily occur to one skilled in the art. These materials may be 
deposited by such techniques as chemical vapor deposition, electron beam vapor 
deposition, sputtering, and the like. In Figure 1 7, the reflective element is a 
10 reflective lining 270 integrally molded with the sidewalls 1 36 or applied by 
adhesive or some other known means to the sidewalls 136. In Figure 18, a 
mask 280 is employed as the reflective element and covers the regions 128 between 
the microprisms 122. As illustrated in Figure 24, a top view of the mask 280 
would appear as a lattice with openings 282 that admit the input surfaces 132 of 
1 5 the microprisms 122. The mask could be made of solid materials which are either 
specular or diffuse as mentioned previously. 

The reflective elements of Figures 16-18 (coating, lining, and mask) may be 
either specular or diffuse, with a reflectivity in the range of about 75%-90%, and 
preferably greater than 90%. One example of a suitable specular material is 
20 Silverlux™, a product of 3M but others may be employed, as will readily occur to 
one skilled in the art. The reflectivity can be measured as previously indicated. 

Different types of reflective elements may be used in combination. As 
shown in Figure 19, the sidewalls 136 have two reflective elements: a coating 260 
and a mask 280. A reflective lining 270 and solid filler 160 are provided in the 
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regions 128 of the assembly shown in Figure 20. In this configuration, one could 
select a specular material for the lining 270 and a diffuse material for the filler 160, 
although other combinations may be employed. 

In Figure 21, the sidewalls 136 have a coating 260 and a solid filler 160. A 
5 reflective lining 270 and a mask 280 are provided in the regions 128 of the 

assembly shown in Figure 22. Finally, the combination of a solid filler 160 and a 
mask 280 are provided in the regions 128 in Figure 23 

The arrangements discussed until this point have been linear or planar. The 
Ulumination system could also be configured as curvilinear or spherical arrays, as 
10 shown in Figures 25 and 26, respectively, and other configurations as will readily 
occur to one skilled in the art. In Figure 25, a light source 300 feces a curvilinear 
array 310 of microprisms. In Figure 26, a light source 320 is contained within a 
partial spherical array 330 of microprisms. To configure the light-directing 
assemblies in this fashion, the tilt angles of the microprism sidewal.s with respect to 
15 the input surfaces need to be adjusted to provide an angular distribution 

appropriate to a spherical radiator. In addition, the space between the microprisms 
ma y need to be varied to achieve proper control of the light. The input and output 
surfaces of the microprisms may be flat, curvilinear, or spherical. Also, the Ught- 
directing assembhesofFigures 25 and 26 may be provided with optional basewalls 
20 adjacent the output surfaces of the microprisms and optional lenses on the 

basewalls, in the manner taught in Figure 2. Additionally, multiple planar and/or 
curvitoear^^ 

be combined to form polyhedronal illumination systems as illustrated in Figures 27 



10 
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and 28 to provide multi-directional radiation. The individual microprisms of one 
planar assembly are illustrated in Figure 27a. 

The intensity of the light entering the light-directing assembly 120 can be 
controlled by introducing an optical element 400 between the light source 1 12 and 
5 the light-directing assembly 120, as shown in Figure 29. By reducing the direct 
transmission of light from the light source 1 12 into the microprisms 122, the output 
of the light-directing assembly 120 is more uniform and glare is minimized. The 
optical element 400 may be fabricated from a rectangular piece of material (e.g., 
plastic, glass, or some other material) having planar dimensions approximately the 
1 0 same as the cross-section, at that location, of the light travelling from the light 
source 1 12 to the microprisms 122. The material may be diffuse or partially 
specular. 

The illumination assembly 1 10 may be further modified as illustrated in 
Figure 30 by encapsulating the light source 1 12 with an optically-transmissive 
1 5 material 4 1 0 having an index of refraction (n,) greater than one, instead of simply 
leaving the light source 1 12 suspended in air. The opticaUy-transmissive material 
410 may fill the area surrounding the light source 1 12 and is contiguous with the 
input surfaces 132 of the microprisms 122. This will avoid Fresnel reflections at 
the input surfaces 132 of the microprisms 122 and allow the light source 1 12 to 
20 more easily fill an array of input surfaces 132 considerably larger than the source 
112. The optically-transmissive material 410 is joined to the input surfaces by an 
adhesive layer 412. For optimum transfer of light, the indices of refraction are 
chosen such that they increase as one progresses outward from the light source 
112. Thus, where the values of the indices of refraction of the optically- 

11 
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transmissive material 410 (»,). the adhesive layer 412 (n 3 ), and the light directing 
assembly 120 (n } ) are chosen such that: 

ni<,ri2< »}. 

An optical element 414 similar in function to that of element 400 in Figure 29 
5 could be placed on the adhesive layer 412. The index of refraction of the element 
414 should be approximately equal to n 2 . 

Transmission of tight from the source 1 12 to the input surfaces 132 may 
also be enhanced by introducing a curvature in the microprisms complementing the 
radiation pattern of the light source 1 12. As shown in Figure 3 1, the input 
10 surfaces 422 of the microprisms 420 define an arc to insure that the angle of 

incidence is less than the attenuating angle at the microprisms 420 furthest from the 
tight source 1 12. The attenuating angle is defined by the following equations: 



o tanVfr-fr'j 
R " tanY<fc + <l>'> 
1 5 where: 

n, sin^ = n 3 sinf and 

Rs is the reflectivity of tight polarized perpendicular to the plane of 
incidence; 

R„ is the reflectivity of light polarized parallel to the plane of incidence; 
20 * is the angle of the light ray incident on the input surface 422; 

*'is the angle of the light ray incident transmitted through microprism 420; 
and 

12 
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<f>i and ^'are defined from the normal to the plane of the input surface 422. 

In Figure 32, an intermediate optical element 430 is introduced to restrict 
the angular distribution of the light entering the light-directing assembly 120. 
5 Although it is shown in the drawing as being located between the illumination 
assembly 1 10 and the light-directing assembly 120, the element 430 could be 
positioned within the illumination assembly in closer proximity to the light source 
1 12. Moreover, a second optical element 440, similar to the optical element 400 of 
Figure 29, could be provided between the light source 1 12 and the intermediate 
10 optical element 430 to reduce the light output of the illumination assembly 1 1 0. 
The optical elements 430 and 440 may be fabricated from plastic, glass, or some 
other material. 

The index of refraction of the intermediate optical element 430 (n 3 ) can be 
chosen to selectively attenuate the higher angle-of-incidence light rays from the 

1 5 light source 112 and decrease the angular distribution into the light-directing 
assembly 120. For example, using the equations on the preceding page for 
calculating R s and R P , the increase in reflectivity at an incidence angle fa as the 
index of refraction n 3 is increased. Assuming w 7 is equal to 1, then for values of the 
index of refraction n 3 of 1 .52, 1.7, and 4.0, the reflectivity at an incidence angle of 

20 45° will be 17.5%, 24%, and 65%, respectively. 
Operation of the Illumination System 

The operation of the system will be explained with reference to Figure 33 
Absent a special structure, the light source 1 12 radiates light towards the 
light-directing assembly 120 and in other directions as well. Those light rays which 

13 
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travel directly to an input surface 132 of a microprism 122 and are reflected as 
dictated by the equations for calculating R s and R F : the remainder of the light is 
transmitted through the microprism 122 and ultimately pass through an associated 
lens 142 and out, as represented by light ray A. 
5 If the light leaving the light source 1 12 initially travels away from the 

light-directing assembly 120, it will encounter the reflector 150. There, it will be 
reflected back towards the light-directing assembly 120, passing through a 
microprism 122 and a lens 142, as depicted by light ray B. 

Some of the light rays may travel from the light source 1 12 towards the 
10 light-directing assembly 120 but will enter the regions 128 adjacent the sidewalls 
136. If such light rays were allowed to continue on that path, they would likely 
enter the microprisms 122 through the sidewalls 136. However, they would not 
properly pass out of the light-directing assembly 120 and in fact would distort the 
light output distribution. Thus, reflective elements are provided in the regions 128 
15 to block and redirect such errant light rays. As shown, a light ray leaving the 
source 112 reaches the solid filler 160 where it is reflected back to the reflector 
1 50. There, the light ray is reflected back towards and through the light-directing 
assembly 120, as represented by light ray C. If a non-reflective filler were used in 
the regions 128 instead of a reflective material, the light ray would simply be 
20 absorbed by the filler. Alternatively, the light could be reflected back towards the 
light source 1 12, although this is undesirable as most such light will be absorbed by 
the light source 1 12. Therefore this mode of reflection should be minimized, for 
example, by using a smaller light source. 



14 
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It should be understood that this invention is applicable to a wide variety of 
devices such as direct illumination devices including lighting for commercial, office, 
residential, outdoor, automotive, and appliance applications. The invention may 
also be applied to displays for computer, automotive, military, aerospace, 
5 consumer, commercial, and industrial applications, and any other device requiring a 
source of illumination. Two examples are the commercial troffer 500 and the 
downlight 600 illustrated in Figures 34 and 35, respectively. The troffer 500 has 
two light sources 510, such as T-5 or T-8 fluorescent lamps, a reflector 520, and a 
light-directing assembly 530 of microprisms. The downlight 600 similarly has a 
10 light source 610 (e.g., a CFL lamp), a reflector 620, and a light-directing assembly 
630. 

While there has been described what is believed to be the preferred 
embodiment of the invention, those skilled in the art will recognize that other and 
further modifications may be made thereto without departing from the spirit of the 
1 5 invention, and it is intended to claim all such embodiments that fall within the true 
scope of the invention. For example, it should be understood that other variations 
and combinations are possible using the structures disclosed in the referenced 
patents. 
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What is claimed is: 

l- An illumination system, comprising: 

2 (a)a light source; and 

(b) a light-directing assembly in close proximity to the light source and comprising at least one 
microprism, the microprism comprising an input surfece that admits light radiating from the light source, 
an output surface distal from and parallel to the input surfece, and at least one sidewail disposed between 

10 and contiguous with the input and output surfed 

input surface and further positioned for effecting total reflection of the light rays received by the input 
surface; and 

(c) at least one blocking means for blocking the passage of light through the sidewail. 

15 

2. An illumination system as set forth in claim 1. further comprising a lens assembly 
comprising at least one lens, the lens assembly being in close proximity to the output surfaces of the 
micropnsnv 

3. An illumination system, comprising: 

(a) a light source; 

(b) a reflector located in close proximity to the light source, 

25 

(c) a Ught-diitctiiig assembly in close proximity to the light source and comprising a plurality of 
microprisms, each microprism comprising an input surfece that admits light radiating from the light 
source, an output siufece distal from aim paialld to 

30 between and contiguous with the input and output surfece* aim fonning an obtuse M 
the input surftoai* further posm 

surface, the su^U of tte microprisms defining interstitial regions between the microprisms; and 

(d) at least one blocking means positioned to block the passage of light through the sidewalls 

35 

16 
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4. An illumination system as set forth in claim 4, wherein the light-directing assembly 
further comprises a base wall having two surfaces, and the output surfaces of the microprisms adjoin one 
surface of the base wall. 

5. An Ulumination system as set forth in claim 4, further comprising a lens assembly 
comprising at least one lens, the lens assembly being in close proximity to the output surfaces of the 
microprism. 

6. An illumination system as set forth in claim 4, wherein the reflector is oriented to direct 
reflected light towards the input surfaces of the microprisms. 

7. An illumination system as set forth in claim 4, wherein the blocking means is selected 
from the group comprising a reflective coating on the sidewalk of the microprisms, a reflective lining on 
the sidewalls of the microprisms, a solid filler material in the interstitial regions, a reflective mask 
adjacent the input surfaces of the microprisms, and combinations thereof 

20 

8. An illumination system as set forth in claim 4, wherein the illumination assembly 
further comprises optical means, located between the light source and the light-directing assembly, for 

2 5 reducing the transmission of light from the light source to the light-directing assembly. 

9. An illumination system as set forth in claim 4, wherein the illumination assembly 
further comprises intermediate optical means, located between the light source and the light-directing 

3 0 assembly, for restricting the angular distribution of the light transmitted to the UghtKurecting assembly 

10. An illumination system as set forth in claim 4, wherein the input surfaces of the 
microprisms define an arc complementary with respect to the angular distribution of the radiation of light 

35 

from the light source. 
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